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(54) Spatial transmission optical transceiver 

(57) In a spatial transmission optical transceiver, 
signals of two lines from a feeder-affixed twisted pair 
line (17) which is a data transmission line based on 
IEEE1394 standard are converted to signals of one line 
by a code conversion circuit (14). and further converted 
to optical signals and emitted to space by a optical 
transmitter (15). The optical signal transmitted through 
the space is converted to an electrical signal by a optical 
receiver (16). The code conversion circuit (14) receiving 
the electrical signal of one line thus converted to signals 
of two lines, and transmits the signals onto the feeder- 
affixed twisted pair line (17). The electrical signal from 
the optical receiver (16) is input to an interception and 



insertion/removal detection circuit (13) to detect the 
presence or absence of the optical signal and judge 
whether the received signal is a reflection signal, 
thereby detecting the interception of a communication 
path and the insertion/removal of a signal line con- 
nected to a confronting optical transceiver. The detec- 
tion result is transmitted to a bias circuit (12), and when 
no optical signal is received or the reception signal is 
the reflection signal, the bias circuit (12) stops the bias 
voltage application to the feeder-affixed twisted pair line 
(17). 
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Description 

[0001 ] The present invention relates to a spatial trans- 
mission optical transceiver (transmitter/receiver) for 
transmitting/receiving optical signals through space 
serving as a medium between terminal devices in a net- 
work in which a plurality of terminal devices are con- 
nected to one another through a serial bus. 
[0002] Here, the serial bus is used a high-speed serial 
bus which is standardized in IEEE (The Institute of Elec- 
trical and Electronics Engineers) 1394 ("IEEE Standard 
for a High Performance Serial Bus", IEEE Inc., 96.8). 
[0003] A requirement for transmitting a huge mass of 
data between equipments is now increasingly 
enhanced in connection with recent enhancement of 
processing capabilities of computers and increasing 
requirements for handling a mass of data which are rep- 
resented by motion pictures. Fig. 10 is a block diagram 
showing a network using IEEE1394. 
[0004] In Fig. 10, the respective terminal devices are 
connected to one another through a feeder-affixed 
twisted pair line 82 into which a transmission path 
based on the IEEE1394 standard and a feeder are uni- 
fied, and each terminal device applies a bias voltage to 
a twisted pair line. When a feeder-affixed twisted pair 
line is inserted into or removed from a terminal device, 
the terminal device concerned detects variation of the 
bias voltage to detect the insertion/removal of the 
feeder-affixed twisted pair line and transmits a reset sig- 
nal to initialize an IEEE1394 network. 
[0O05] Fig. 11 is a block diagram showing the con- 
struction of a optical transceiver disclosed in Japanese 
Laid-open patent Application No. Hei-1 0-41 898 which 
uses an optical fiber as a part of the transmission path. 
The optical transceiver is connected to a terminal 
device through a feeder-affixed twisted pair line based 
on the IEEE1394 standard, and an optical fiber can be 
used for a part of the transmission path of the IEEE 1 394 
network. 

[0006] The operation of the optical transceiver will be 
described hereunder. 

[0007] In Fig. 1 1 , the optical transceiver used through 
the optical fiber comprises a bias circuit 91. a code con- 
version circuit 92, a peak hold circuit 93, a optical trans- 
mitter 94, a optical receiver 95, a power circuit 96, an 
electrical connector 98 to which a feeder-affixed twisted 
pair line 97 based on the IEEE1394 standard is con- 
nected, and an optical connector 91 0 to which an optical 
fiber 99 is connected. 

[0008] The optical transmitter 94 converts an electrical 
signal from the code conversion circuit 92 to an optical 
signal, and transmits the optical signal thus converted 
through the optical connector 910 onto an optical fiber 
99b. The optical transmitter 94 has a function of con- 
verting the optical signal received by the optical connec- 
tor 910 to an electrical signal, performing waveform 
shaping and then outputting it to the code conversion 
circuit 92 and the peak hold circuit 93. 



[0009] The feeder-affixed twisted pair line 97 has two 
twisted pair lines, and signals of two lines exist in the 
feeder-affixed twisted pair line 97. The code conversion 
circuit 92 has a function of converting the signals of two 

5 lines to signals of one line so that the signals of two lines 
can be transmitted through the optical fiber 99 when an 
optical transmission is outputted, and a function of con- 
verting the optical signals of one line thus received to 
signals of two lines so that the signals can be transmit- 

70 ted on a twisted pair line. 

[0010] The peak hold circuit 93 has a function of 
detecting the presence or absence of an optical signal 
on the basis of the electrical signal which is converted 
from the optical signal by the optical receiver 95, and a 

15 function of controlling the bias circuit 91 on the basis of 
the detection result. The bias circuit 91 has a function of 
applying a bias voltage to each twisted pair line 912a 
and 912b of the feeder-affixed twisted pair line 97 con- 
nected to the electric connector 98, and it is controlled 

20 on the basis of the output of the peak hold circuit 93. 
Specifically, when it receives an optical signal, it applies 
a bias voltage to the twisted pair line 912a and 912b, 
and when it receives no optical signal, it stops the volt- 
age application, whereby a terminal device can detect 

25 insertion/removal of a feeder-affixed twisted pair line 
912a and 912b or insertion/removal of an optical fiber 
99a and 99b to initialize the IEEE1394 serial bus. 
[0011] Further, a communication system based on 
optical or electrical waves by using space as a medium 

30 may be utilized from the viewpoint that rewiring due to 
movement of terminal devices or arrangement of 
twisted pair lines (cables) in a wiring process spoils the 
beauty of the appearance. The radio transmission sys- 
tem based on optical technique is called as "optical spa- 

35 tial transmission system", and it is described in 
"FUNDAMENTALS OF OPTOELECTRONICS" p. 26 
issued by Keigaku Publication Co.. Ltd., for example. 
[0012] Fig. 12 is a block diagram showing an optical 
spatial transmission device disclosed in Japanese Laid- 

40 open Patent Application No. Hei-7-1 83849. The con- 
struction and operation of the optical spatial transmis- 
sion device will be briefly described with reference to 
Fig. 12. 

[001 3] In the optical spatial transmission device of Fig. 

45 12, a transmitter 101 includes an encode circuit 102 for 
converting an input information signal to a base band 
code, a driver circuit 103 for driving a optical emission 
unit 104 on the basis of the base band code, and the 
optical emission unit 104 for converting an electrical sig- 

50 nal from the driver circuit 103 to an optical signal and 
discharging the optical signal to space. A receiver 105 
includes a optical reception unit 106 for receiving the 
optical signal from a spatial transmission path and con- 
verting the received optical signal to an electrical signal, 

55 a clock reproducing circuit 107 for reproducing a clock 
signal from the received optical signal, and a decode 
circuit 108 for reproducing a base band code from the 
reproduced clock signal and the electrical signal from 
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the optica! receiving unit 106, and outputting an infor- 
mation signal. 

[0014] In order to solve the rewiring problem due to 
motion of terminal devices and the appearance-spoiling 
problem due to the arrangement of cables in the above- s 
described prior art. it is considered that the optical spa- 
tial transmission system is applied to the optical trans- 
mission/reception portion of the optical transceiver of 
Fig. 11. in this case, when the optical communication 
path is intercepted in the neighborhood of the optical 10 
receiving unit and reflected optical is incident to the opti- 
cal receiving unit, the optical spatial transmission device 
receives the reflection signal and thus cannot detect the 
interception of the communication path. Therefore, erro- 
neous data are delivered to a terminal device, and thus is 
the terminal device operates abnormally. 
[001 5] An object of the present invention is to provide 
a spatial transmission optical transceiver which can 
transmit/receive an optical signal through space serving 
as a communication medium between terminal devices 20 
in a network in which plural terminal devices are con- 
nected to one another through a data transmission line 
based on IEEE1394. 

[0016] In order to attain the above object, a spatial 
transmission optical transceiver according to the 25 
present invention is characterized by detecting intercep- 
tion of a communication path and insertion/removal of a 
data transmission line connected to a confronting opti- 
cal transceiver for spatial transmission. 
[001 7] Particularly, even when the optical transceiver 30 
for spatial transmission receives reflected optical due to 
interception of a communication path in the neighbor- 
hood ofea optical transceiver, the spatial transmission 
optical transceiver of the present invention detects the 
interception of the communication path. Specifically, the 35 
spatial transmission optical transceiver according to the 
present invention includes optical signal detection 
means for detecting the presence or absence of an opti- 
cal signal on a spatial transmission path, and reflection 
signal detecting means for detecting that a reception 40 
signal is a reflection signal on the basis of a transmit- 
ted/received signal. 

[0018] Further, the. spatial transmission optical trans- 
ceiver according to the present invention is character- 
ized by detecting the interception of the communication 45 
path or the insertion/removal of a signal line and notify- 
ing the detection result to a terminal device. Specifically, 
there is also provided with communication path inter- 
ception/signal line insertion/removal notifying means for 
detecting the interception of the communication path so 
and the insertion/removal of the data transmission line 
connected to the confronting spatial transmission opti- 
cal transceiver are detected, and notifying the detection 
result to the terminal device. 

[0019] According to the present invention, the inser- 55 
tion/removal of the data transmission line connected to 
the confronting spatial transmission optical transceiver 
and the interception of the communication path can be 



detected on the basis of the presence or absence of the 
optical signal. Further, the interception of the communi- 
cation path can be detected by detecting the reflection 
signal due to the interception of the communication path 
in the neighborhood of the spatial transmission optica! 
transceiver. When there is no reception signal, it is 
judged that the data transmission lime is removed or the 
communication path is intercepted, and this fact is noti- 
fied to the terminal device. Further, even when the 
reflection optical of the transmission optical signal is 
incident to the optical transceiver due to the interception 
of the communication path in the neighborhood of the 
optical transceiver, the received optica! signal is 
detected to be a reflection signal to thereby detect the 
interception of the communication path, and this fact is 
notified to the terminal device, whereby the terminal 
device can detect the insertion/removal of the data 
transmission line and the interception of the communi- 
cation path, and thus a reset signal serving as a sign to 
initialize the network. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Fig. 1 is a block diagram showing the construction 
of an optical transceiver according to a first embod- 
iment of the present invention; 
Fig. 2 is a diagram showing an interception and 
insertion/removal detection circuit; 
Fig. 3 is a diagram showing a communication mode 
between terminal devices through the optical trans- 
ceiver of the present invention; 
Fig. 4 is a time chart showing the operation of the 
interception and insertion/removal detection circuit; 
Fig. 5 is a diagram showing the construction of a 
spatial transmission optical transceiver according to 
a second embodiment of the present invention; 
Fig. 6 is a diagram showing a specific example of a 
correlation detection circuit according to the second 
embodiment of the present invention; 
Fig. 7 is a diagram showing the construction of a 
spatial transmission optical transceiver according to 
a third embodiment of the presents invention; 
Fig. 8 is a diagram showing a transmission charac- 
teristic of a optical wavelength discriminator 
according to the third embodiment of the present 
invention; 

Fig. 9 is a diagram showing the construction of a 
spatial transmission optical transceiver according to 
a fourth embodiment of the present invention; 
Fig. 10 is a block diagram showing an example of 
IEEE1394 network; 

Fig. 1 1 is a diagram showing the construction of a 
conventional optical transceiver which aims to use 
an optical fiber for a part of a transmission path of 
the IEEE 1394 network; and 

Fig. 12 is a diagram showing the construction of a 
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conventional transmission/reception device for spa- 
tial transmission.' 



DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0021] Preferred embodiments according to the 
present invention will be described hereunder with refer- 
ence to the accompanying drawings. 

(Embodiment 1 ) 

[0022] Fig. 1 is a block diagram showing the construc- 
tion of a spatial transmission optical transceiver accord- 
ing to a first embodiment of the present invention. 
[0023] In Fig. 1 , a optical spatial transmission trans- 
ceiver 110 includes a power circuit 1 1 , a bias circuit 12, 
an interception and insertion/removal detection circuit 
13, a code conversion circuit 14, a optical transmitter 
15, a optical receiver 16 and an electrical connector to 
which a feeder-affixed twisted pair line 17 serving as a 
data transmission line based on IEEE1394 standard is 
connected. 

[0024] With respect to the power feeding function and 
the bias function which are associated with the feeder- 
affixed twisted pair line 17 based on the IEEE1394 
standard, it should be noted that this embodiment can 
be executed without losing these two functions when an 
optical spatial transmission is performed. 
[0025] The feeder-affixed twisted pair line 1 7 and the 
optical spatial transmission transceiver 110 are con- 
nected to each other through the electrical connector 
18. Input/output of signals between the feeder-affixed 
twisted pair line 1 7 and the optical spatial transmission 
transceiver 110 is performed through the code conver- 
sion circuit 14. The code conversion circuit 14 converts 
to electrical signals of one line electrical signals of two 
lines which are input from the feeder-affixed twisted pair 
line 17 through the bias circuit 12, and outputs the elec- 
trical signals thus converted to the optical transmitter 1 5 
and the interception and insertion/removal detection cir- 
cuit 13. Further, the code conversion circuit 14 also has 
a function of converting electrical signals of one line 
from the optical receiver 16 to electrical signals of two 
lines and then transmitting the electrical signals thus 
converted through the bias circuit 12 to the feeder- 
affixed twisted pair line 17. 

[0026] The optical transmitter 15 has a function of 
converting an electrical signal to an optical signal and 
discharging the optical signal thus converted to space. 
The optical receiver 16 has a function of converting to 
an electrical signal an optical signal which is transmitted 
through space serving as a medium and performing 
waveform shaping. In this case, the space is used as a 
communication medium, however, an optical fiber may 
be connected to a connector to achieve optical trans- 
mission with little loss. 

[0027] The interception and insertion/removal detec- 



tion circuit 13 has a function of detecting the presence 
or absence of an optical signal on the basis of a recep- 
tion signal input from the optical receiver 16 and a trans- 
mission signal input from the code conversion circuit 14, 

5 and also a function of detecting whether the optical sig- 
nal received by the optical receiver 16 is a reflection sig- 
nal of the optical signal transmitted therefrom. 
[0028] The power circuit 1 1 has a function of convert- 
ing, to a voltage level used in the optical transceiver, a 

10 DC voltage which is supplied from the feeder 19 of the 
feeder-affixed twisted pair line 17 serving as the data 
transmission line based on the IEEE1394 standard. 
Further, it also has a function of supplying the DC volt- 
age to another connected equipment on the basis of the 

75 IEEE1 394 standard. 

[0029] The bias circuit 12 has a function of applying a 
bias voltage to each twisted pair line 111a, 1 1 1b of the 
feeder-affixed twisted pair line 1 7 connected to the elec- 
trical connector 18, and it can control the application of 

20 the bias voltage on the basis of the output of the inter- 
ception and insertion/removal detection circuit 13. In the 
IEEE1394 standard, it is necessary to supply the two 
twisted pair lines with DC voltage indexing 0, 1, z for 
specifying the data structure before a start packet for 

25 data transmission is transmitted, and this operation is 
performed by the bias circuit 1 2. 

[0030] Next, the details of the interception and inser- 
tion/removal detection circuit 1 3 will be described with 
reference to the accompanying drawings. 

30 [0031 ] Fig. 2 shows an example of the insertion and 
insertion/removal detection circuit 13. The interception 
and insertion/removal detection circuit 13 comprises an 
optical signal detection circuit 26, a reflection signal 
detection circuit 22 and a judgment circuit 25. The opti- 

35 cal receiver 1 6 converts the received optical signal to an 
electrical signal, and inputs the electrical signal thus 
converted to the optical signal detection circuit 26 and 
the reflection signal detection circuit 22. The optical sig- 
nal detection circuit 26 comprises a peak hold circuit 21 , 

40 and it detects the presence or absence of the optical 
signal on the basis of the input electrical signal and out- 
puts the detection result. The reflection signal detection 
circuit 22 comprises an exclusive OR circuit 23, an aver- 
aging circuit 27 for averaging the amplitude of an output 

45 signal from the exclusive OR circuit 23, and a signal 
detection circuit 24, and the reflection signal detection 
circuit 22 receives, as input signals, an electrical signal 
(transmission signal) transmitted from a transmission 
port of the code conversion circuit 15, and an electrical 

so signal (reception signal) to which the optical signal 
received by the optical receiver 16 is converted. The 
reflection signal detection circuit 22 judges on the basis 
of the input transmission signal and reception signal 
whether the reception signal is the reflection signal, and 

55 outputs the judgment result. The judgment circuit 25 
takes the logical product between the detection signal 
from the optical signal detection circuit 26 and the 
detection signal from the reflection signal detection cir- 
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cuit 22, and outputs the result to the interception and 
insertion/removal detection result. 
[0032] Next, the operation of the interception and 
insertion/removal detection circuit 13 will be described 
in detail with reference to the accompanying drawings. 
[0033] A communication mode between terminal 
devices as shown in Fig. 3 is provided as an example. 
Referring to Fig. 4, it is assumed that neither the inter- 
ception of the communication path occurs, nor the 
insertion/removal of the feeder-affixed twisted pair line 
17 connected to the confronting optical transceiver 
occurs during the time period from TO to T1 . At this time 
the peak hold circuit 21 of the optical signal detection 
circuit 26 of the interception and insertion/removal 
detectton circuit 13 detects the signal to output a voltage 
of H level. Further, the exclusive OR circuit 23 of the 
reflection signal detection circuit 22 takes the exclusive 
OR between the input transmission signal and reception 
signal. 

[0034] When the communication path is in the normal 
state and thus neither insertion nor removal of a feeder- 
affixed twisted pair line 17 occur, the optical signal 
received by the optical spatial transmission transceiver 
1 10a is transmitted from the optical spatial transmission 
transceiver 11 0b, and there is no correlation relation- 25 
ship between the transmission signal and the reception 
signal at the optical spatial transmission transceiver 
1 10a. Accordingly, a random signal which has no corre- 
lation with the transmission signal is output from the 
exclusive OR circuit 23, and the output voltage of the 30 
averaging circuit 27 for averaging the amplitude voltage 
of the output signal from the exclusive OR circuit 23 is 
above a. threshold value of the signal detection circuit 
24, so that the signal detection circuit 24 outputs a volt- 
age of H level. The judgment circuit 25 takes the logical 
product between the output of the reflection signal 
detection circuit 22 and the output of the peak hold cir- 
cuit 22 of the optical signal detection circuit 26 and out- 
puts an H-level signal. 

[0035] Subsequently, when the communication path is 
intercepted during the period from T1 to T2 so that the 
reflection optical of the optical signal transmitted from 
the optical spatial transmission transceiver 1 10a is not 
incident to the optical receiver 16, the input from the 
optical receiver 1 6 to the peak hold circuit 21 of the opti- 
cal signal detection circuit 26 is set to L-level, and thus 
the peak hold circuit 21 outputs a voltage of L level. At 
this time, the exclusive OR circuit 23 of the reflection 
signal detection circuit 23 outputs the same signal as 
the transmission signal, and the output voltage of the 
averaging circuit 27 is above the threshold value of the 
signal detection circuit 24, so that the signal detection 
circuit 24 outputs a voltage of H level. The judgment cir- 
cuit 25 takes the logical product between the output of 
the reflection signal detection circuit 22 and the output ss 
of the peak hold circuit 21 of the optical signal detection 
circuit 26, and outputs a voltage of L level. The bias cir- 
cuit 12 to which the voltage of L level is input stops the 



35 



bias voltage application to the twisted pair lines 111a 
111b. 

[0036] Subsequently, during the time period from T2 
to T3, when the communication path is restored, the 
interception and insertion/removal detection circuit' out- 
puts a voltage of H level again, the bias circuit 12 to 
which the voltage of H level is input applies a bias volt- 
age to each of the twisted pair lines 111a, 111b. 
[0037] Subsequently, it is assumed that during the 
time period from T3 to T4, the communication path is 
intercepted in the neighborhood of the optical spatial 
transmission transceiver 1 10a and the reflection optical 
is received by the optical receiver 16. In this case the 
peak hold circuit 21 of the optical signal detection circuit 
26 to which the electrical signal is input from the optical 
receiver 16 outputs the voltage of H level. At this time 
the reception signal (reflection signal) which is input to 
the exclusive OR circuit 23 of the reflection signal detec- 
tion circuit 22 is shifted in synchronization with respect 
to the transmission signal by the delay time, and the 
exclusive OR circuit 23 outputs the H-level voltage for 
the delay time between the signal from the optical 
receiver 16 and the signal from the transmission port 
Accordingly, the output voltage of the averaging circuit 
27 is reduced to be below the threshold value of the sig- 
nal detection circuit 24, so that the signal detection cir- 
cuit 24 outputs the L-level voltage. The judgment circuit 
25 takes the logical product between the output of the 
reflection signal detection circuit 22 and the output of 
the peak hold circuit 21 of the optical signal detection 
circuit 26, and outputs the L-level voltage. The bias cir- 
cuit 12 to which the L-level voltage is input stops the 
application of the bias voltage to the twisted pair line 

(Embodiment 2) 
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[0038] In the above embodiment 1 , on the basis of the 
result of the exclusive OR between the transmission 
and reception signals, the correlation between the 
transmission signal and the reception signal is taken to 
detect the reflection signal. As the transmission dis- 
tance of the reflection signal is long, the delay time is 
longer and the correlation between the two signals is 
weaker. However, by delaying the transmission signal in 
advance, the reception signal can be identified as the 
reflection signal even when the delay time is long. 
[0039] Next, an embodiment of the interception and 
insertion/removal defection circuit 13 which can detect 
that the reception signal is the reflection signal even 
when the delay time of the reflection signal is long will 
be described in detail with reference to the accompany- 
ing drawings. 

[0040] Fig. 5 is a block diagram showing the construc- 
tion of the interception and insertion/removal detection 
circuit 13 of a second embodiment according to the 
present invention. 

[0041 ] In Fig. 5, the interception and insertion/removal 
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detection circuit 13 includes delay circuits 41a to 41 n, 
correlation detection circuits 42a to 42n. a reflection sig- 
nal judgment circuit 43. an optical signal detection cir- 
cuit 26 and a judgment circuit 25. 
[0042] A transmission signal which is input from the 
code conversion circuit to the interception and inser- 
tion/removal detection circuit 13 is delayed by T[s] every 
time it passes through the delay circuit 41 . Here, the 
delay circuit 41 comprises a D-F/F circuit, and T repre- 
sents the time of one bit of the transmission/reception 
signal. The correlation between the transmission signal 
passed through each delay circuit 41 and the reception 
signal input from the optical receiver 16 to the intercep- 
tion and insertion/removal detection 13 is detected by 
each correlation detection circuit 42. The correlation 
detection circuit 42 outputs an L-level signal (voltage) 
when the two signals are recognized to have a correla- 
tion of predetermined level or more. The reflection sig- 
nal judgment circuit 43 receives the outputs of all the 
correlation detection circuits 42a to 42n to take the logi- 
cal product therebetween, and outputs the result. The 
judgment circuit 25 outputs the logical product between 
the output of the reflection signal judgment circuit 43 
and the output of the optical signal detection circuit 26 
as a judgment result to the bias circuit 12. 
[0043] Next, the operation of the interception and 
insertion/removal detection circuit will be described. 
[0044] When receiving a reflection signal having a 
delay time of one bit or more due to transmission dis- 
tance, the reception signal and any one of transmission 
signals which is passed through the delay circuit 41 and 
delayed by several bits are necessarily shifted in phase 
within one bit, and thus the correlation therebetween is 
high. The correlation detection circuit 42 to which the 
two signals having a high correlation at a predetermined 
level or more are input outputs the L-level voltage. The 
reflection signal judgment circuit 43 identifies that the 
reception signal is the reflection signal if at least one of 
the signals input thereto is L-level, and outputs the L- 
level voltage. At this time, the optical signal detection 
circuit 26 receives the optical signal, and thus outputs 
the H-level voltage. However, the judgment circuit 25 
takes the logical product between the output of the 
reflection signal judgment circuit 43 and the output of 
the optical signal detection circuit 26 and outputs the L- 
level voltage. The bias voltage 12 to which the L-level 
voltage is input stops the bias voltage application to the 
twisted pair line 111. 

[0045] Next, an embodiment of the correlation detec- 
tion circuit 42 will be described with reference to the 
accompanying drawings. 

[0046] Fig. 6 shows an embodiment of the correlation 
detection circuit 42. The correlation detection circuit 42 
has the same construction as the reflection signal 
detection circuit 22 of the embodiment 1, and it is con- 
structed by the exclusive OR circuit 23, the averaging 
circuit 22 and the signal detection circuit 24. The opera- 
tion of the correlation detection circuit 42 is the same as 



the reflection signal detection circuit 22 of the embodi- 
ment 1 . 

[0047] Further, the delay circuit 41 may be imple- 
mented by increasing the length of the transmission 
5 path so that transmission delay occurs. 

(Embodiment 3 ) 

[0048] In order to prevent the malfunction which is 
10 caused by the reflection optical due to the interception 
in the neighborhood of the optical receiver, it may be 
adopted that the wavelength of optical emitted from the 
optical transmitter is varied every optical transceiver 
and a optical wavelength discriminator is provided at the 
is front side of the optical receiver. 

[0049] Fig. 7 is a diagram showing the construction of 
a optical transceiver according to a third embodiment of 
the present invention. 

[0050] Referring to Fig. 7, a optical wavelength dis- 

20 criminator 61 is provided at the front stage of the optical 
receiver 16, and the interception and insertion/removal 
detection circuit 63 comprises a peak hold circuit 62. 
The wavelength of the optical emitted from the optical 
transmitter 15 is varied every optical transceiver. Fig. 8 

25 shows the transmission characteristic of the optical 
wavelength discriminator 61. Considering the communi- 
cation mode shown in Fig. 3, an optical signal of wave- 
length 1 which is emitted from the optical spatial 
transmission transceiver 110a is discriminated by the 

30 optical wavelength discriminator 61 provide at the front 
stage of the optical receiver 16 of the optical spatial 
transmission transceiver 110b and then reaches the 
optical receiver 16. However, when an optical signal of 
wavelength 2 emitted from the optical transceiver 101b 

35 is intercepted in the neighborhood of the optical trans- 
ceiver 101b and becomes reflection optical, the optical 
signal of wavelength 2 cannot pass through the optical 
wavelength discriminator 61. and thus cannot reach the 
optical receiver 16. Therefore, the electrical signal out- 

40 put from the optical receiver 1 6 is set to L-level, and the 
interception and insertion/removal detection circuit 63 
detects the interception and outputs the L-level voltage 
to the bias circuit 12. 

[0051 ] With this construction, when the reflection opti- 
45 cal generated due to the interception in the optical 
transmission path has wavelength 2, the interception 
and insertion/removal detection circuit 63 can detect the 
interception state, and control application or non-appli- 
cation of the bias voltage of the transmission/reception 
50 circuit corresponding to the twisted pair line 1 1 1 of the 
bias circuit 12. 

(Embodiment 4 > 

55 [0052] In the above embodiments 1, 2 and 3, the 
detection of the optical signal is performed by the peak 
hold circuit. However, the detection of the signal may be 
performed by using a counter circuit. 
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[0053] Next, the operation of the counter circuit will be 
described. 

[0054] Referring to Fig. 9, a counter circuit 72 is con- 
tained in the interception and insertion/removal detec- 
tion circuit 71 . Further, the counter circuit 72 may be 
provided in place of the peak hold circuit 21 in the inter- 
ception and insertion/removal detection circuit 13 as 
shown in Fig. 2. 

[0055] The counter circuit 72 carries out the counter 
operation at all times. It resets its count value every time 
an H-level signal is input thereto, and outputs an H-level 
voltage. When the signal input is kept to L-level during a 
fixed time, the count value is coincident with a preset 
judgment value T, and the counter circuit 72 outputs an 
L-level voltage. 

[0056] The insertion/removal of a data transmission 
line connected to a confronting optical transceiver and 
the interception of a communication path in the above 
network can be also detected in the same manner by 
using the optical transceiver in which the interception 
and insertion/removal detection circuit 71 is constructed 
by using the counter circuit 72, and initialization of the 
IEEE1394 network can be performed. 
[0057] As an application mode of the spatial transmis- 
sion optical transceiver of the present invention, the 
optical .transceiver may be installed in the terminal 
device, and provided with an optical interface. Further, 
As an adapter satisfying the IEEE 1 394 standard may be 
used not only the above optical transmission path, but 
also a radio transceiver using radio frequency. In this 
case, a.transmission route having a DC power supply 
functioned a signal line biasing function can be 
achieved as same as a route using the IEEE1 394 stand- 
ard. Still further, adapters which are conformable to 
USB (Universal Serial Bus). RS-232C and SCSI stand- 
ards in place of IEEE1394, may be used. 
[0058] As described above, according to the spatial 
transmission optical transceiver thus constructed, the 
removal of the feeder-affixed twisted pair lines which are 
connected to a confronting optical transceiver and con- 
formable to the IEEE1394 standard, and the intercep- 
tion of the communication path can be detected. 
Therefore, even when an optical spatial transmission 
system using a spatial medium for a part of the trans- 
mission path is applied, the initialization of the 
IEEE1394 network, that is, the address setting of the 
network, recognition of connected equipment, etc. can 
be performed. Accordingly, in the IEEE1394 network, 
an optical communication system using space as a 
communication medium can be used, and the rewiring 
problem due to the movement of the terminal devices 
and the problem of spoiling the beauty of the appear- 
ance due to the arrangement of cables can be solved. 
[0059] Further, with respect to leakage of reflection 
optical due to interception in the neighborhood of a opti- 
cal transceiver, according to the optical transceiver of 
the present invention, it can be detected whether the 
reception signal is caused by the reflection optical, and 
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thus the initialization of the IEEE1394 network can be 
performed irrespective of the interception in the neigh- 
borhood of the optical transceiver. 
[0060] Although the present invention has been 
shown and described with respect to best mode embod- 
iments thereof, it should be understood by those skilled 
in the art that the foregoing and various other changes, 
omission, and additions in the form and detail thereof 
may be made therein without departing from the spirit 
and scope of the present invention. 

Claims 



1. 



A spatial transmission optical transceiver based on 
IEEE1394 standard, comprising: 

a data transmission line for being terminated 
based on IEEE1394 standard; 
a code conversion circuit for converting an 
electrical signal from a terminal device to an 
optical signal to emit the optical signal to space 
and converting an optical signal to an electrical 
signal to output the electrical signal to said data 
transmission line; 

an optical receiver for receiving a optical signal 
transmitted through the space to convert the 
optical signal; 

an optical signal detection means for detecting 
one of the presence and absence of the optical 
signal received by said spatial transmission 
optical transceiver; 

a reflection signal detection means for detect- 
ing that the reception signal received by said 
spatial transmission optical transceiver is a 
reflection signal; 

a judgment circuit for detecting interception of a 
communication path and insertion/removal of 
the data transmission line connected to a con- 
fronting optical transceiver on the basis of the 
detection result of said optical signal detection 
means and said reflection signal detection 
means; and 

path interception and signal-line inser- 
tion/removal notifying means for notifying the 
detection result to a terminal device. 



The spatial transmission optical transceiver as 
claimed in claim 1 , 

wherein said judgment circuit comprises a 
circuit for taking the logical product between the 
detection result of said reflection signal detection 
means and the detection result of said optical signal 
detection means to detect the interception of the 
communication path and the insertion/removal of 
the data transmission line connected to the con- 
fronting optical transceiver. 



3. The spatial transmission optical transceiver as 
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claimed in claim 1 , 

wherein said reflection signal detection 
means comprises an exclusive OR circuit for taking 
the exclusive OR between the electrical signal to 
which the received optical signal is converted and 5 
the transmitted electrical signal, an averaging cir- 
cuit for averaging the amplitude of the output signal 
of said exclusive OR circuit, and a detection circuit 
for detecting the signal on the basis of the output 
voltage thereof. 10 

4. The spatial transmission optical transceiver as 
claimed in claim 1 , 

wherein said reflection signal detection 
means comprises plural delay circuits for delaying 15 
the transmitted electrical signal, an exclusive OR 
circuit for taking the exclusive OR between the out- 
put signal of each of said delay circuits and the 
electrical signal to which the received optical signal 
is converted, an averaging circuit for averaging the 20 
amplitude of the output signal of said exclusive OR 
circuit; and a detection circuit for detecting the sig- 
nal on the basis of the output voltage thereof. 

5. The spatial transmission optical transceiver as 25 
claimed in claim 1, wherein said path interception 
and signal-line insertion/removal notifying means 
comprises a bias circuit to the data transmission 
line, said bias circuit applying a bias voltage when a 
communication is made, and stopping the bias volt- 30 
age application to the data transmission line when 

the interception of the communication path or the 
removal of the signal line occurs. 

6. The spatial transmission optical transceiver as 35 
claimed in any of claims 1 to 5, further comprising: 

a power circuit having a function of converting, 
to a voltage level used in said code conversion 
circuit and said optical receiver, a DC voltage 40 
which is supplied from a feeder of a feeder- 
affixed twisted pair line based on the IEEE1 394 
standard. 

7. The spatial transmission optical transceiver as 45 
claimed in any of claims 1 to 6, further comprising: 

a bias circuit having a function of applying a 
bias voltage to a data transmission line for 
being terminated based on IEEE 1394 standard so 
according to the result of said optical signal 
detection means. 

8. A spatial transmission optical transceiver in which a 
data transmission line based on IEEE1394 stand- ss 
ard is terminated, an electrical signal from a termi- 
nal device is converted to an optical signal to emit 

the optical signal to space, and the optical signal 




>4A2 14 

transmitted through the space is received to con- 
vert the optical signal thus received to an electrical 
signal and transmit the electrical signal to the data 
transmission line, comprising: 

optical wavelength discriminating means for 
inhibiting pass of reflection optical therethrough 
and allowing transmission of signal optical 
which is emitted from a confronting spatial 
transmission optical transceiver and has wave- 
length different from the wavelength of the opti- 
cal transmitted from a optical transmitter of said 
spatial transmission optical transceiver con- 
cerned; 

optical signal detection means for detecting the 
presence or absence of the optical signal 
received by said spatial transmission optical 
transceiver; and 

path interception and signal-line inser- 
tion/removal notifying means for notifying the 
detection result to a terminal device. 

9. The spatial transmission optical transceiver as 
claimed in claim 8. further comprising: 

a power circuit having a function of converting, 
to a voltage level used in said code conversion 
circuit and said optical receiver, a DC voltage 
which is supplied from a feeder of a feeder- 
affixed twisted pair line based on the IEEE1394 
standard. 

10. The spatial transmission optical transceiver as 
claimed in claim 8 or 9, further comprising: 

a bias circuit having a function of applying a 
bias voltage to a data transmission line for 
being terminated based on IEEE1394 standard 
according to the result of said optical signal 
detection means. 
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